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Abstract 
Production and Productivity of Boswellia papyrifera in Jebel Elgarrie 
area (A case study: Jebel Elgarrie Area, Blue Nile State) 
 
This study was conducted in natural and artificial stands of Boswellia 
papyrifera in Jebel El Gerrie Forest reserve. The objective of this study is 
to provide sufficient Boswellia stand information, which includes 
diameter class distribution and relationships between tree measurable 
parameters and resin yield.  Two hundred and thirty two trees were 
randomly selected for tapping. Seven to eight collections were made from 
each of these trees. Resin yield from each collection was weighed and 
registered. Relationships between measurable parameters and resin yield 
were sought, using the spread sheet Excel and the statistical package 
SAS. The results of both natural and artificial stands showed that in the 
natural stand there is a strong relationship between resin yield and 
average height and also between resin yield and average crown width at 
(p≤0.5), while in plantation stands, there was extremely weak 
relationship between resin yield and all measurable parameters, including 
diameter at breast height.  However, the results obtained from this study 
can help to make predictions about future resin yields in natural 
Boswellia stands based on easily measurable tree parameters. The study 
recommends to raise the awareness of local communities about the best 
methods of Boswellia tapping as well as exertion of more effort towards 
the rehabilitation and best management of Bosweliia papyrifera stands in 
Blue Nile state.   
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  ﻣﻠﺨﺺ
  إﻧﺘﺎﺟﻴﺔ ﺷﺠﺮة ﺻﻤﻎ اﻟﻠﺒﺎن ﻓﻲ ﻣﻨﻄﻘﺔ ﺟﺒﻞ اﻟﻘﺮي ﺑﻮﻻﻳﺔ اﻟﻨﻴﻞ اﻷزرقاﻧﺘﺎج و
 aillewsoB)ﻟﻘﺪ اﺟﺮﻳﺖ هﺬﻩ اﻟﺪراﺳﺔ ﻓﻲ ﻣﺸﺠﺮﻳﻦ اﺣѧﺪهﻤﺎ ﻃﺒﻴﻌѧﻲ واﻟﺜѧﺎﻧﻲ ﻣﺴѧﺘﺰرع ﻟﺸѧﺠﺮة اﻟﻘﻔѧﻞ 
هѧﺪﻓﺖ هѧﺬﻩ . ﻓѧﻲ ﻏﺎﺑѧﻪ ﺟﺒѧﻞ اﻟﻘѧﺮى اﻟﻤﺤﺠѧﻮزة واﻟﺘѧﻲ ﺗﻘѧﻊ ﺟﻨѧﻮب ﺷѧﺮق اﻟﺮﺻѧﻴﺮص   (arefirypap
ﻟﻘѧﺪ ﺗѧﻢ اﺧﺘﻴѧﺎر . اﻟﺪراﺳﺔ إﻟﻰ إﻳﺠﺎد ﻋﻼﻗﺔ ﺑﻴﻦ إﻧﺘﺎج اﻟﺸﺠﺮة وﻗﻄﺮ ﺳﺎﻗﻬﺎ وﺣﺠﻢ اﻟﺘѧﺎج واﻻرﺗﻔѧﺎع اﻟﻜﻠѧﻲ 
ﻓѧﻲ هѧﺬﻳﻦ اﻟﻤﺸѧﺠﺮﻳﻦ ﺗѧﻢ (.  ﻓѧﺪان 42)واﻟﻤﺴѧﺘﺰرع ( ﻓѧﺪان 7)ﻓѧﺪان ﻣѧﻦ اﻟﻤﺸѧﺠﺮﻳﻦ اﻟﻄﺒﻴﻌѧﻲ  13ﻋѧﺪد 
اﻟﻄﺮﻳﻘѧѧѧﺔ اﻟﺘѧѧѧﻲ اﺗﺒﻌѧѧѧﺖ هѧѧѧﻲ وﺿѧѧѧﻊ دﻳﺒﺎﺟѧѧѧﺎت ﻋﻠѧѧѧﻰ . ﺷѧѧѧﺠﺮة ﻋﻴﻨѧѧѧﺔ ﻻﺟѧѧѧﺮاء اﻟﺪراﺳѧѧѧﺔ  232ﺘﻴѧѧѧﺎر اﺧ
ﺑﻌѧﺪ ذﻟѧﻚ أﺟﺮﻳѧﺖ ﻋﻠﻴﻬѧﺎ ﻋﻤﻠﻴѧﺔ . اﻷﺷﺠﺎراﻟﻤﺨﺘﺎرﻩ وﻣѧﻦ ﺛѧﻢ ﻗﻴѧﺎس ﻗﻄѧﺮ اﻷﺷѧﺠﺎر وﺣﺠѧﻢ اﻟﺘѧﺎج وﻃﻮﻟﻬѧﺎ 
ﻟﻘﻄﺎت ﻟﻜﻞ ﻣﻮﺳﻢ ﻓѧﻲ ﻣﻮﺳѧﻤﻴﻦ ﻣﺨﺘﻠﻔѧﻴﻦ  8-7ﻟﻘﺪ ﺗﻤﺖ ﻋﻤﻠﻴﺔ اﻟﺠﻤﻊ ﻣﻦ ﺧﻼل . اﻟﻄﻖ ﺑﻮاﺳﻄﺔ اﻟﻤﻨﻘﺎف
. وﻟﻘﺪ ﺗﻢ ﺟﻤﻊ اﻧﺘﺎج آﻞ ﺷﺠﺮة ﻋﻠﻰ ﺣﺪة وﻣﻦ ﺛѧﻢ وزﻧѧﻪ ﺑﺎﻟﺠﺮاﻣѧﺎت ﻓѧﻲ آѧﻞ اﻟﻠﻘﻄѧﺎت  (.6002-5002)
ﺑﻌѧﺪ ذﻟѧﻚ ﺗѧﻢ اﻟﺤﺼѧﻮل ﻋﻠѧﻰ اﻹﻧﺘѧﺎج اﻟﻜﻠѧﻲ ﻟﻜѧﻞ ﺷѧﺠﺮة ﻋﻠѧﻰ ﺣѧﺪة، ﺑﻌѧﺪ ذﻟѧﻚ ﺟѧﺪوﻟﺖ اﻟﻨﺘѧﺎﺋﺞ ﺑﺎﺳѧﺘﻌﻤﺎل 
واﻟﻌﻮاﻣѧѧﻞ اﻟﺘѧѧﻲ ﺗѧѧﻢ اﺧﺘﻴﺎرهѧѧﺎ هѧѧﻲ ﻗﻄѧѧﺮ ( LECXE)ﺑﺮﻧѧѧﺎﻣﺞو( SAS)اﻟﺘﺤﻠﻴѧѧﻞ اﻹﺣﺼѧѧﺎﺋﻰ ﺑﺮﻧѧѧﺎﻣﺞ 
  .اﻟﺸﺠﺮة واﻻرﺗﻔﺎع وﺣﺠﻢ اﻟﺘﺎج وﻋﻼﻗﺘﻬﺎ ﺑﺎﻻﻧﺘﺎج اﻟﻜﻠﻲ
وﻟﻘѧﺪ أﻇﻬѧﺮت . اﺳﺘﺨﺪﻣﺖ ﻃﺮﻳﻘﺔ اﻟﻤﻌﺎدﻟﺔ اﻟﺒﺴﻴﻄﺔ وﻃﺮﻳﻘﺔ إدﺧﺎل أآﺜﺮ ﻣﻦ ﻋﺎﻣﻞ ﻟﻠﺘﺤﻠﻴѧﻞ ( SAS)ﻓﻲ 
ﻤѧﺎ أن اﻟﻨﺘﺎﺋﺞ اﻟﻤﺘﺤﺼﻞ ﻋﻠﻴﻬﺎ أن هﻨﺎك ﻋﻼﻗﺔ ﺑﻴﻦ ﻣﺘﻮﺳﻂ اﻟﻄﻮل وﺣﺠѧﻢ اﻟﺘѧﺎج ﻓѧﻲ اﻟﻤﺸѧﺠﺮ اﻟﻄﺒﻴﻌѧﻲ آ 
  .هﻨﺎﻟﻚ ﻋﻼﻗﺔ أﻳﻀﺎ ﺑﻴﻦ اﻹﻧﺘﺎج وﻗﻄﺮ اﻟﺸﺠﺮة ﻓﻲ اﻟﻤﺴﺘﺰرع
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CHAPTER ONE 
INTRODUCTION 
1.1. General introduction   
Sudan is one of the largest African countries with diversity of woody 
perennials that produce non-wood forest products. Gums and gum resins are 
among the products that contribute significantly to the livelihood of the local 
inhabitants and in the economy of the country (FAO, 1995).  
Now it is time for countries with gum and resin producing species to pay 
more attention and increase their effort for proper management and 
sustainable exploitation of these species. As they are strongly supported by 
two international conventions, the first is the Convention of Biological 
Diversity, (CBD, 2001), which aims at the conservation of biological 
diversity, the sustainability of its components and the equitable sharing of 
the benefits resulting from the utilization of genetic resources. 
The second convention is the Convention to Combat Desertification (CCD, 
2001).  The aim of this convention is to combat desertification and mitigate 
its effects in the affected areas, through long term integrated strategies and 
approaches that lead to the conservation of the land, increase its productivity 
and contribute to the livelihood of the community. 
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1.2. Main Non-wood Forest Products 
 Forests provide multipurpose benefits that include timber, fuel wood and 
non-wood products (NWFPs).  NWFPs are usually overlooked commodities, 
although they are important products at both local and  national levels 
(Hamid, 1998) .Goods and services provided by forests and trees are as 
important, if not more important as timber.  Silvo-pastoralism for livestock 
production is an important system, where forest grazing and forest fodder 
represent one of the major contributions to the local and national economy. 
Collection, grading and processing of gums and resins are important income 
generating activities. NWFPs continuously play an important role in the 
socio-economic and culture of many developing countries.  About 150 
NWFPs are used in Sudan (Badi, 1993).   The most known and most 
important Sudanese non-wood forest product is gum Arabic, obtained 
mainly from Acacia senegal (gum hashab) but also from Acacia seyal (gum 
talha).  Sudan is also one of the world's biggest exporters of olibanum resins 
produced from Boswellia sp.. This resin is used in the food industry, as 
pharmaceutical as well as in technical and miscellaneous applications. Many 
NWFPs are found in the market beside gum resins, the main markets for 
these products are in towns, of which Omdurman is the main national 
trading center. Table 1.1 gives a list of the most common markets of the 
product. 
Other NWFPs are food (fruits nuts, and edible oils,) and fodder; medicines, 
dyes; fibers, latex tannins, honey and beeswax. 
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Fodder is an essential traditional product of forested areas. It is estimated 
that the contribution of trees and shrubs to forage intake ranges from five 
percent at the beginning of the dry season to 45 percent at its end (Harris, 
1994). Important fodder trees, which are browsed as well as lopped, are 
Hyphaene thebaica, Ziziphus spina-christi and Balanites aegyptiaca. Acacia 
senegal and A. seyal are not only important fodder trees for the nomads, but 
also a source of gum arabic. At least 60 medicinal aromatic plants, which 
either occur naturally or are cultivated, exist in Sudan. Important medicinal 
plants include Acacia nilotica, Adansonia digitata, Cassia senna, Grewia 
mollis. and Tamarindus indica. They are used in traditional medicine as well 
as by industry for the preparation of derivatives. Plants which are not 
cultivated on a commercial scale, such as Senna alexandria, are gathered at 
random (Eltohami, 1995). 
Sudan, (together with Ethiopia) is the world's largest producer of olibanum 
resins (Boswellia B. papyrifera  syn. B. sacra, B. freeriana). In 1987, exports 
from Sudan and Ethiopia production amounted to about 2000 tons (FAO, 
1995). Olibanum is used as fragrance as well as for flavouring purposes. 
Total production of gum luban, resins obtained from Boswellia papyrifera 
and Commiphora africana, was estimated to reach 1688 tons in 1993/94 
(Sulieman and Eldoma, 1994). 
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Table 1.1 Main NWFPs put on the market in northern Sudan 
Producing Species Local name of NWFPs Main uses 
Acacia nilotica Garad Tannin  
Adansonia digitata Gongoleiz Food & medicine 
Balanites aegyptiaca Laloub Food & medicine 
Borassus aethiopum Daleib Food  
Boswellia papyrifera Gum luban Nectar  
Commiphora Africana Gum luban Nectar  
Cassia senna Sanamecca Medicine  
Grewia tenax,G. mollis Gudiem Food & medicine 
Hyphaene thebaica Dom Food & fodder 
Tamarindus indica Aradeib Food & medicine 
Ziziphus spina-christi. Nabag Food & fodder 
Salvadora persica Arak Medicine 
Azanza garkenna Jaghjagh Medicine 
Detarium macrocarpum Abu Leila Medicine 
Ximenia Americana Um dika Tea  
Lawsonia inermis Hinna Colour and 
cosmetics  
Source: based on Sulieman and Eldoma (1994) 
1.3. Boswellia distribution and description 
It is always mostly associated in its natural occurrence with gum producing 
species such as Sterculia setegera, Acacia seyal, Acacia senegal, and 
Anogeissus leiocarpus.  These species play great ecological as well as 
economic roles. 
The Blue Nile State is one of the most important areas in the Sudan where 
Boswellia papyrifera trees are abundant and resin tapping is practiced at 
large scale. 
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Boswellia is one of the 17 genera in the family Burseraceae (Kunth, 1839) 
in the order Sapindales (Bentha and Hooker in Vollesen, 1989). The genus is 
composed of 20 species, extending from Ivory Coast to the African Horn 
and Southwards to northern Madagascar. It is also found in the Middle East 
as well as India. The center of geographical diversity of the genus is located 
in the north east tropical Africa within the dry low land areas, where more 
than 75% of its species are endemic (Vollesn, 1989).  
The species in the genus are usually shrubs or small to medium trees, 
characterized by their woody habit, compound or cleft leaves, two whorls, 
10 free stamens, a well-developed nectar disk and asyncarpous ovary 
(Cronguest, 1981). 
The species have multiple uses, such as poles and timber used by rural 
communities; leaves for fodder, flowers for nectar and leaves, bark and roots 
for traditional medicines. 
The species are also recommended for the rehabilitation of degraded lands in 
the arid and semi arid areas.  However, the most valued product in economic 
terms from some of the species is frankincense or gum Olibanum. 
Frankincense is an ancient product traded more than 4000 years, and today, 
remains an important article of commerce on the international market. It is 
traditionally used as incense in religious or social ceremonies. However, it is 
in the cosmetic and pharmaceutical industries that the community holds 
great potential for development.  
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Frankincense or (gum Obilbanum) as it is commonly called is obtained from 
members of the genus Boswellia. There are about half a dozen species of 
Boswellia producing Olibanum, all of which are small trees and shrubs that 
occur in the dry area in north-east Africa and Arab Peninsula (Hower, 1949). 
In the Sudan, the only species which belongs to the genus Boswellia is 
Boswellia papyrifera. It is a deciduous tree up to 10 m high, with pale 
yellow brown papery bark, peeling off in wide strips, with red slash and 
imparipinnate leaves. Flowers are pink, clustered on short cushion-like side 
branches. Fruits are ovoid, 1.85 cm long and beaked (Elamin, 1990). 
According to Khan (1977) the typical sites for Boswellia papyrifera are the 
hill catenas, rocky steep slopes of the hills, very stony and with frequent 
boulder outcrops, which are undergoing active erosion and have very 
shallow soils. 
In the Blue Nile State Boswellia papyrifera stands are found in Jebel 
Elgarrie, Ingessana hills, and along the Sudan borders with Ethiopia. These 
areas are well stocked with Boswellia papyrifera. About 130280 hectares of 
the The Blue Nile State are covered with the species, of which 4880 ha are 
reserved forests. 
1.4. Problem statement 
Due to lack of clear plans and policies for the sustainable development of 
natural forests in Sudan, including Boswellia stands, there is lack of data 
concerning the growing stock and the future perspective of Boswellia Stands 
in the Blue Nile State, with the exception of few studies about the ecological 
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aspects and dynamics of the woody formation and research dealing with the 
economy of Boswellia resin.   
Resin productivity in the study area is high but difficult to assess accurately, 
due to illegal trading, smuggling and traditional tapping procedure.  
Boswellia trees are endangered due to the following factors: 
i- Fire  
ii- Pods bear no seeds or empty seeds 
iii- Illegal cutting of Boswellia trees to be used as fences.  
iv- Wash of seeds by run off 
1.5. Objectives of the study 
The objective of this study is to provide Boswellia stand information, which 
includes diameter class distribution and relationships between tree 
measurable parameters and resin yield.  This will form the base for 
management planning and sustainable use of these stands for multiple 
purposes, which can be achieved through the following: 
1-    Determination of stocking densities within the sample plots. 
2-    Assessment of resin yield of B. papyrifera in Jebel Elgarrie area. 
3- Effect of collection number on resin yield. 
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CHAPTER TWO 
LITERATURE REVIEW 
 2.1. Taxonomy of Boswellia papyrifera 
According to Elamin (1990) and Vogt (1995), the common classification of 
Boswellia papyrifera is as follows: 
Family: Burceraceae 
Genus: Boswellia 
Species: Boswellia papyrifera (Del.) Hochst. 
Synonym: Amyris papyrifera  
Arabic name: Tarak-Tarak, Rut-Rut, Gafal 
English name: Frankincense 
Boswellia papyrifera is a common savannah tree; often occurs on rocky 
areas or hilly slopes.  It is easily recognized by its papery bark or simply by 
its fragrance resinous bark (Thirakull, 1984). 
It is a deciduous tree up to 10 m high.  The bark is pale yellow-brown, 
papery peeling off in wide strips.  Slash wood is reddish exuding fragrant 
resin. Leaves 30 cm long, oblong, lanceolate.  Flowers are white creamy 
tinged with pink colour appearing before the leaves. Flowering is from 
March to April. Fruiting is in May (Elamin, 1990). 
Howes (1949) classified about twelve species of the genus Boswellia in 
north-east and South Africa.  He classified Boswellia serrata as an Indian 
species, while Boswellia carterii and Boswellia papyrifera as African 
species. 
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2.2. Geographic Distribution of the Genus Boswellia   
2.2.1. Distribution in Africa  
African dry lands, more precisely the eastern part, are endowed with 
diversity of plant resources of environmental and socio-economic 
importance.  An example to these resources are the species belonging to the 
genus Acacia, Commiphora and Boswellia. They produce gums, oils, resins 
and other extracts that are currently in demand in many of today industries. 
In Africa, Boswellia papyrifera and Boswellia neglecta are the main 
commercially important tree species in the genus Boswellia. 
According to Teketay (2002) Boswellia papyrifera has a natural distribution 
in the horn of Africa (Djibouti, Eritrea and Sudan), while Boswellia  
neglecta is widely distributed in the dry lands of Eastern Africa (Kenya, 
Tanzania and Uganda).  The two species produce commercial incense 
known as gum olibanum.  
Chickamai and Kagorrbe (2003) reported three species of Boswellia in 
Kenya.  These are: Boswellia neglecta, Boswellia microphylla and Boswellia 
rivae. 
Boswellia Species is the most widespread, being found in the Northwest, 
north, northeast, east and southeast of Kenya within the Acacia-commiphora 
woodlands. The entire resource is in the form of natural stands. 
In Eritrea there are two species of Boswellia, namely, B. papyrifera and B. 
pirrotae, which are found on the rocky slopes of the western escarpment on 
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the east, west aspect.  In this area the elevation is between 350-700 m.a.s.l, 
where most of the resource is found in the natural woodlands (Habte, 2003).  
In Ethiopia, Tadesse, et al. (2003) has reported six species of Boswellia: B. 
papyrifera, B. pirrotae, B. microphylla, B. neglecta, B. rivae and B. 
ogadensis. The latter species is endemic to Ethiopia. The above species are 
found naturally within the Acacia – commiphora woodlands at elevations 
between 300 and 1800 m.a.s.l. Gum olibanum from Boswellia papyrifera is 
the most widely traded in Ethiopia. It is obtained through tapping, using a 
specially designed traditional tool, locally known as Mengaf.  
Only two species of Boswellia were reported to occur in Uganda; these are 
B. papyrifera and B. neglecta, which occur naturally in Karamoja region as 
well as in northern and northwestern Uganda (Byabashaiga, 2003).  
Currently there are no records of commercial production in Uganda. 
2.2.2. Distribution of Boswellia papyrifera in the Sudan 
Boswellia papyrifera (Del.) Hochst. Covers large areas of hill catenas in 
different parts of the Sudan, south latitude 14° N (Fig. 2.1).  According to 
the National Forest Inventory, 1996, Boswellia papyrifera (Del.) Hochst. 
Covers the following areas: 
a. The Blue Nile State (Jebel Elgarrie area, Ingasana and the border with 
Ethiopia). 
b. Southern Kordofan State in the Nuba Mountains. 
c. Western Darfur, from Jebel Marra towards the west through the hill 
catenas of Zalingi to the south of Elgeneina until the border with the 
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Republic of Chad (Khamis, 2001). The total area covered with 
Boswellia in this region is estimated to be 200,000 ha (National Forest 
Inventory, 1996). 
 
 
 
 
 
 
 
 
 
Fig. 2.1.  Distribution of Boswellia papyrifera in Sudan 
d. Southern Darfur State along the boarder with Central Africa 
 Republic. Area covered by the species in this region is estimated to be 
133750 ha.  
e. Bahrelghazal, Upper Nile and Equatoria States in southern Sudan. 
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2.3. Gum and Resin Exudation and importance  
Seifeldin (1981, 1982) stated that several workers have investigated gum 
exudation in the genus Acacia and other genera of the plant Kingdom.  He 
reported that trees exude gum only when they are in poor vigor resulting 
from insufficient soil moisture and nutrients, or due to unhealthy status of 
the tree. He mentioned that an infection caused by a bacterium on unhealthy 
trees is the cause of gum exudation, and that the organism is transported by 
insects and camels when browsing the trees or by the tools used for tapping 
the trees. On the other hand, the same author has pointed that, gum is a 
normal product of plant metabolism produced in response to physiological 
disturbances induced by drought. 
Exudation of gum is stimulated by environmental conditions, mechanical 
injury to bark or invasion of the plant by micro-organisms. Formation of the 
gum nodule then acts as a shield against loss of moisture or further 
microbiological attack on the plant (Musbah, 1983). 
Gum is secreted from the tree as sticky syrup which has colloidal properties. 
It dries up to form a clear yellow or brown glass mass forming the gum 
nodule. 
A very wide range of plants produce such secretions with varying amounts. 
Trees of the genus Acacia produce gum that is collected on commercial 
basis. Other plant families producing gums include Anacardiaceae, 
combretaceae, Meliaceae, Sterculiaceae and Burseraceae (Musbah, 1983). 
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McMahon (2001) described the oleogum resin as a natural exudate from 
reservoirs in the bark or produced from human made incisions. The resin is 
composed of 5.9% volatile oils and 60-70% alcohol soluble resin with the 
remainder being water soluble gums. 
Chickamai (2003) described the frankincense or (gum olibanum) as a major 
product of commerce from some species in the genus Boswellia. 
Frankincense is an ancient product used both in local cultures and 
commercial industries, with the latter holding greater prospects for 
development. 
Habte (2003) pointed that olibanum production in Eritrea is through tapping 
and is graded into six grades on the basis of size, colour and brightness. 
Export volumes have varied between 463 and 3820 metric tons for the 
period 1992-2002. 
The production of gum olibanum from Boswellia papyrifera creates 
employment opportunities for local farmers and is a mean of livelihood for 
thousands of permanent employees. It is also a source of foreign currency to 
the producing countries. According to Mustafa (1997) the exports of 
oleogums have been increased in recent years indicating an expanding 
utilization. Table 2.1 shows the exports and earnings of gum olibanum from 
Sudan during the period 1992-1995. 
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Table 2.1.   Exports of gum olibanum from Sudan (1992-1995). 
Years Quantity in metric tons Value in (1000$)  
1992 203 420 
1993 205 503 
1994 408 496 
1995 849 1097 
Total 1865 2516 
Source: Mustafa (1997) 
2.3.1. Management of Boswellia stands for resin production 
The management of Boswellia stands for resin production can be summarized 
in the following steps:   
a) Tapping,  
b) Collection, storing, cleaning and grading, 
c) Marketing.  
2.3.1.1. Tapping of Boswellia stands 
Tapping of Boswellia trees starts immediately after the rainy season, when 
the trees shed their leaves during September-October.  The part of tree stem 
to be tapped starts at 50 cm above ground level and ends at the workers 
height (about 2 m above ground level).  Tapping is carried out by scraping 
away portions of the bark and not by making “incision” in the tree. A special 
tool termed “Mengaf” is used.  The Mengaf resemble a double scalped knife, 
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one end having a sharp edge, used for the decortication, and the other edge 
being blunt, and is used in assisting to remove the resin when it hardens and 
is ready for collection.  All trees in the Boswellia stand, known as “Taya “, 
are tapped irrespective of the tree size.  It is worth mentioning that, the 
producers believe that the short trees are more productive than the tall ones, 
and some of the producers describe the big and tall trees as “masculine trees” 
or “male trees”, meaning that they are unproductive. However, Khamis 
(2001) mentioned that the minimum diameter of the trees to be tapped is 
more than 12 cm.  Moreover, the producers classify the trees into three 
categories according to the hardness of the bark (soft, medium and hard 
bark).  The productivity of the soft bark trees is higher compared to the other 
categories.  The justification of the producers is based on the assumption that 
softness of the bark is an indication of ample amount of resin.    
Tapping of the tree usually starts in the first of October and lasts for four 
months (until January) where tapping is repeated four times.  The starting of 
the tapping season is determined by the FNC which issue the license for 
tapping in September and encourages the producers to commence tapping 
early October.  Tapping starts by slight removal of the bark 2 cm in width 
and 3 cm in length.  The number of tapping wounds (blazes) depends on the 
diameter of the tree.  The height of the tree is not a determinant factor for the 
number of wounds, since the labourers tap to the reachable parts of the trees.  
Generally, the number of blazes varies between 6 -10 blazes per tree.  The 
blazes are made on the sides of the stem that coincide with the sunrise and 
sunset.  The number of blazes may sometimes reach more than 10 blazes, and 
might reach up to 24 blazes.  After the first tapping the blaze becomes red in 
16 
 
color and can be distinguished from a distant part as a bloody spot on the 
yellow papery bark.  The 2nd tapping is usually done 15 days to one month 
after the first tapping.  At this stage the wound starts to turn in white color; an 
indication of oozing of the resin in small quantities.  The 3rd tapping is made 
at similar intervals between the first and second tapping.  At this stage small 
quantity of the resin is removed with the bark to widen the scars (Fig. 2.2).  
The fourth tapping is also made after similar intervals with removing the bark 
and the small quantities of the resin. 
 
 
  
 
 
 
Fig. 2.2. The zone of resin formation 
All the producers confirmed that the process of tapping requires skillful 
laborers backed with good experience.  The FNC managed to train the local 
people about the technical know-how of the activity through endorsing a 
condition in the tapping license for the outsider (Bani Amir) to train the local 
people in 60% of the areas assigned to them for tapping.  There are 
exchangeable accusations between the outsiders and insiders (local 
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communities) concerning the reasons of death of Boswellia trees.  The 
insiders emphasize that the outsiders, since they are not permanent residents, 
tend to exhaust the trees through making maximum number of wounds in the 
stem for the sake of maximum resin production leading to high profits.  
While the outsiders attribute the death of the trees to the lack of enough 
experience of the local people in the process of tapping, besides their using of 
tools other than mengaf, mainly axes and nigers).  This finding is supported 
by many studies indicating that the existing tapping methods are destructive 
and unproductive on the long run. An improved tapping technique, using 
“Mitchie Golledge” knife, coupled with ethephone application has been 
devised to enhance resin production.  The technique is inexpensive, safe, 
requires no specialized skills and can be easily taught to the tappers (Bhatt, 
1989).  
In the Blue Nile State the management of Boswellia trees is as follows: 
An interview with the head of Boswellia papyrifera resin production union 
(Osman Ibrahim) was made prior to tapping Boswellia papyrifera trees.  He 
mentioned that most of the resin gum tapping is done by people coming 
from eastern Sudan, mainly from Hadandawa and Bani Amir tribes.  He 
mentioned that tapping commences in December and the harvesting season 
ends in May of next year. 
2.3.1.2. Boswellia papyrifera tapping stages:  
 Mengaf is the tool that is used for tree tapping.  It is made of iorn and a 
piece of wood (gafal or hommeid wood). The mengaf used in the first stage 
to make “allama”  is smaller in size than that used in other tapping stages.  
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When tapping a tree, the wound sould not be deep to arrive the red bark or 
xylum wood.  The tapping stages in Boswellia stands of the Blue Nile State 
are  
• “Al-Alama” is a wound made on the tree bark of Boswellia 
papyrifera.  
• “Al-Algolf” is the removal of the wound cover.  It is made 16 
days after “Al-Alama” stage. The process takes 3 days. 
• “Al-gronfoleed”  Here the production begins (it take 6 days to be 
sure that there is no infection (disease) in the wound., and 22 
days befor laste tipping ) 
• “Al-luban” stage: Here the Boswellia papyrifera trees begin to 
produce the resin (Luban gum).  It takes the workers 3-4 days to 
start the luban gum collection. 
The worker tap the Boswellia papyrifera tree according to tree size, Trees 
are tapped at one side, others at two sides, or at all sides (for large trees). 
Diseased trees of Boswellia papyrifera (infected by babanousa)  produce 
gum which is black in colour. The infection spreads with  the high 
temperature.  
The workers cure the infected Boswellia papyrifera trees by leaving the 
black gum on the tree.  So the babanousa will die due to lack of oxygen.  
The workers gather the harvest in baskets made of palm leaves “saaf” locally 
known as  “durat” and store it away from high tempertures and moisture.  
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Abuelgasim (2003) mentioned that, there was no management to the 
Boswellia papyrifera stands in Jabal Marra, with the exception of 
participation of neighbouring communities in fire fighting. The Jabal Mara 
Forest Circle (JMFC) offers licenses upon request to tappers and resin 
enterprises after signing a contract between the two parties. The contract 
obliges the tapper and resin enterprises to pay the sum of  500 SD per 1.42 
ha of Boswellia papyrifera stand to the FNC. In addition to that the resin 
tapping enterprises pay 10% of the product’s price to the FNC at the end of 
the season. The tappers should further obey forest laws and regulations. 
2.3.1.3. Collection of Boswellia resin 
Collection of resin starts 30-35 days after the last tapping and extend up to 
the end of june (the license provided by the FNC emphasize the evacuation of 
Boswellia stands by 30th of June).  Therefore, five months (from February to 
June) is the time of resin collection.  The procuction from the first collection 
is low and is usually not enough to cover all the costs of production.  The 
second collection is usually made after about one month from the first 
collection.  At this stage also the resin is produced in small quantity and has 
black-brown color.  The resin collected from the first and second pickings is 
usually sold for local consumption at village markets.  After another 25-35 
days white gum material is collected in commercial quantities.  The white 
color is an indication of the good quality of resin.  Starting from this stage, 
the numbers and durations of resin collection depends mainly on the weather 
conditions. In winter, when the whether is cool, the collection of resin is 
made every two weaks, while in summer the collection is made after 30 to 35 
days (Ishraga , 2004).  Generally, there are about 4-9 pickings per season.  
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Pickings of the resin may stop even before the specified date by the FNC 
(30th of June) if there are early rains.  With the onset of rains, the quality of 
resin becomes poor (change in color) and the tree resumes its growth and 
cover wounds start to heal.  The resin is collected in special baskets (Raika) 
made of local materials (Fig.2.3). 
 
Fig. 2.3.  Raika for collection of resin 
The above mentioned technique for resin collection seems to be the typical 
for all the producers, since the local people gained their experience from 
direct contact and training from the outsiders.  It is obvious that, there is 
variation in times of collection.  Although the collection of the resin depends 
on the weather conditions (mainly temperature), the tappers are sticking to a 
fixed collection schedule, while the insiders collect at random intervals.  Bani 
Amir tappers mentioned that the productivity will be higher on one month 
intervals.  Sometimes, there are variations within the members of Bani Amir. 
It seems that the low standard of living of the local people (the study area is 
described as ultra poor area according to the socioeconomic index of poverty 
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(Fergany, 1997). This forces them to collect resin at shorter intervals to meet 
their daily requirements (sugar, salt, spices, oil and others). 
2.3.1.4. Yield of resin  
The FNC records indicate that good quantities of resin are produced in 
Sudan.  Rashad Province, for instance, produced during the period from 1988 
-1997 the amounts shown on table 2.2.   
Although Table (2.2) furnishes the results about the quantities of resin 
produced from Rashad rea, still the figures on the table remain just as 
estimates. Traders tend to underestimate their load to escape more expenses 
(different types of taxes).  Furthermore, it worth mentioning that a huge 
amount of the resin is used locally for different uses.  
 Table 2.2. Resin production in Rashad province (1988-1997) 
Years Quantities in Gontar Years Quantities in Gontar
1988/89 20144 1993/94 6570 
1989/90 17440 1994/95 10631 
1990/91 32723 1995/96 7346 
1991/92 20569 1996/97 8412 
1992/93 11830   
2.3.1.5. Resin storage and cleaning  
In Jebel Elgarrie, the collected resin is usually stored in straw huts 
(3m.x4m.), with windows on the north and south directions to enhance 
ventilation.  The hut is constructed by the laborers from the branches of the 
22 
 
indigenous tree species. The collected resin is spread over the clean sand and 
protected from direct sunlight and high temperature.  
Some producers practice the cleaning process during the storage period, 
where the resins are cleaned by hand to remove the bark or any other 
impurities.  Generally, the drying and cleaning period of the resin takes about 
two weeks. 
2.3.1.6 Grading of the resin 
Cleaning and grading is usually made by women.  In this stage the collected 
resin is classified into different grades based on purity, color and size.  The 
collected resin when cleaned gives super resin (grade one) which represent 
between 20-25% of the total yield, and grade two represents 10-15% of the 
total yield.  Therefore grade one and two represent between 30 – 40% (less 
than 50%) of the total collected resin.  This amount is sent to the exporters at 
Umdurman.  The rest of the resin is further classified into different classes 
(grade three, four and five) according to the size.  These products are also 
transported to the principal cities for exports but at lower prices.   
2.4. Chemical composition of Boswellia papyrifera  
Willy (2000) found that Boswellia papyrifera resin contains the following 
components (Table 2.4). 
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Table 2.3. Chemical composition of Boswellia resin 
Chemical content Weight  % Remarks  
Oil content  5-9 - 
Resin acids  13-17 - 
Ploys adherences  20-30 Water Soluble  
Boswellia acid  40-60 Ether Soluble residues  
Source: Willy (2000) 
2.5. Uses of oleogum resins  
As stated before the oleogum resins have a diversity of uses in today's 
industries such as perfumes, nutrition and medicinal industries. 
McMahon (2001) pointed some of these uses as follows: 
• Fresh gum is chewed for strengthening the teeth and stimulating 
digestion. 
• Dissolved in milk and taken for cough. 
• Distilled and extracted to yield essential oils and a costly perfume 
prepared using these aromatic oils. 
• Social and religious uses, where the resin is burned in weddings and 
religious occasions. It is said to keep away all evil influences. 
• A talcum powder is prepared using frankincense and ammonium salts 
to perfume and soften the skin.  
Some of the possible uses of Boswellia papyrifera after physical and 
chemical testing of its wood by the Wood Technology Section at Soba 
Research Centre include agricultural implements, furniture lining, plywood, 
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and veneers. It is also used as firewood and charcoal as reported by Sahni 
(1968).  Also Boswellia wood is used in manufacturing of match sticks and 
packing boxes. 
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CHAPTER THREE 
STUDY AREA 
3.1. Location  
The Blue Nile State is located in the south- eastern part of the Sudan; in the 
semi-wet zone (Blue Nile Investment Map, 2004).   
The Blue Nile State lies between lat. 9º.30´ and 12º.30´ N and long. 
35º.3´and 33º.5´ E., with a total area of 38500 Km. The B.N. State is 
characterized by the Ingassana mountain range as the main geographical 
feature in the State. The mountains extend to about 72 kilometers.  Fig. 3.1 
shows the location of the study area. 
3.2. Administration structure 
According to the Constitutional Act No (4) for the year 1993, the Republic 
of  the Sudan has been divided into 26 States.  The Blue Nile State is one of 
those newly established States. The State consists of five localities, namely 
Damazain, Rosaries, Kurmuk, Gessan and Bau. Later a sixth locality, 
Tadamun, was added.  
Each locality consists of several sub-localities for disintegrative purposes 
(Blue Nile Investment Map, 2004). 
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Fig. 3.1. Map of  the study area 
Sudan 
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3.3. Population 
According to the Blue Nile Investment Map (2004) the total population of 
the State was 676000, out of which 351520 are males and 324480 are 
females. This population consists of different tribes, mainly Fung, Fallata, 
Ingassana, Bartta, Haussa, Gomuz, Boroon, Maban and other tribes (Blue 
Nile Investment Map, 2004). 
The economic activities in the state are in different forms such as, 
agriculture that occupies a large area of the state, and most of the tribes 
practise this activity.  In addition to pastoralism many tribes practice other 
activities, such as handicrafts, trade and social services. 
3.4. Climate  
The State is divided into three climatic zones, Kurmuk is located in the wet 
zone with annual rain fall ranging between 900-1000 mm.  In Gessan 
locality the annual rain fall ranges between 700-900 mm, and the third zone 
is characterized with an annual rainfall that ranges between 450-700 mm.  
The maximum temperature is between 31º-32ºC (Blue Nile investment Map, 
2004).  
3.5 Vegetation   
According to Harrison and Jackson 1958, the distribution of the vegetation 
depends mainly on the quantity of the annual rainfall and the soil type. 
Woodland savannah includes mixed types of vegetation composed of grass 
with bushes or trees or both, in which the variable proportion of grass to 
bushes or trees is determined by the frequency and intensity of fires. 
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In the Blue Nile State Boswellia papyrifera stands are found in Jebel 
Elgarrie, Ingessana hills, and along the Sudan borders with Ethiopia. The 
area is well stocked with this tree species.  Boswellia papyrifera covers 
approximately 130280 ha of the State. About 4880 ha of this area are 
reserved forests (Khamis, 2001).  
3.6. Soil  
The FAO soil analysis department classifies the Blue Nile soils according to 
geographical sites to the following types from north to south. Loamy soils, 
clay soils and heavy soils (Blue Nile investment Map, 2004).  
It is sharply divided into two extreme soil types, dark cracking clays in the 
east, and established sand-dunes in the west (Harrison and Jackson 1958). 
Thus two contrasting types of vegetation are found on the two soil types, 
which have been distinguished as low rainfall woodland savannah on clay 
and on sand respectively.  
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CHAPTER FOUR 
MATERIAL AND METHODS 
4.1. Data Collection 
The data collection for the present study was composed of the inventory of 
the area, where survey of Boswellia papyrifera was carried out, all over the 
Blue Nile localities.  Sample selection was randomly done, and enumeration 
was carried out, to obtain information about the quantity, site quality and 
distribution of the species.  Fig. 4.1 shows a B. papyrifera stand in Jebel 
Elgarrie area. 
 
 
 
 
 
Fig . 4.1 B. papyrifera stand in Jebel Elgarrie area 
There are 16 locations where Boswellia papyrifera is growing in the Blue 
Nile State. The total area of Jebel Elgarrie is about 12000 feddans; the study 
area represent about 0.26 feddans of   the forest total area .  Determination of 
the study area was based on the availability of the species (natural and 
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plantation stands), and the easy accessibility.  Table 4.1 shows the areas 
covered with Boswellia papyrifera stands in the Blue Nile State 
Table 4. 1. Boswellia papyrifera stands in the Blue Nile State  
Localities Forest 
Area/ 
feddan 
Boswellia 
% 
Observations 
Baw Jebel.Gool 188 50 Accessible 
Baw J. Melbel 2192 35 Accessible 
Baw J. Gumuk 1350 20 Accessible 
Baw J. Foic 385 75 Accessible 
Baw J. Back 229 30 Accessible 
Baw J. Marafaa 13403 05 Accessible 
Baw J. Turda 3500 15 Accessible 
Baw J. Fademia 940 15 Accessible 
Baw J. Walang 3397 25 Accessible 
Baw J. Balmat 2200 30 Accessible 
Elrosairus J. Elgarrie 12000 20 Accessible 
Elrosairus J. Abugadaf 11008 05 Accessible 
Kurmuk J. Mova 5000 - Not accessible 
Kurmuk J. Surkum 3950 - Not accessible 
Kurmuk J. Kukli 8238 - Not accessible 
Kurmuk J.Banimayo 10000 - Not accessible 
Source: Blue Nile Forest – Damazin 
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4.1.1. Inventory of Boswellia papyrifera stands 
The inventory class of the present study was considered as management 
inventory to provide basis for further planning and management of 
Boswellia papyrifera stands in the Blue Nile State.  
In the present study the natural stands cover about 7 feddans, part of this 
area was monitored and managed by the Forest Research Center since the 
sixties of last century. 
The plantation stand covers about 24 feddans.  It was planted at the 
beginning of 1970s by the Forest Research Center. The propagation was 
achieved by cuttings (110 – 120 cm long).  
4. 1.2. Sampling techniques  
Two clusters of sample plots were established on the same baseline in 1 km 
distance apart, taking into account the accessibility and that the selected area 
represents the stocked area. The natural area covered 7 feddans.  In this area 
a total of 51 sample trees were selected. In the planted part (24 feddans) 156 
sample trees were selected.   
The sample trees in each cluster were labeled and measured.  The measured 
parameters were diameter at breast height (DBH), crown (C) and tree height 
(H).  These trees were tapped for resin production.     
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4. 1.3.  Layout of the sample plots 
Fifteen circular sample plots were randomly selected in Jabel Elgarrie area, 
two of them in natural Boswellia stands and 13 in planted stands.  The area 
of each sample plot was 255 m2. In each sample plot all trees were tallied for 
diameter at breast height (DBH) and total height (H) and crown width (C).  
All trees inside the selected sample plots were tapped for resin production.  
The total number of tapped trees is 207 trees.   
4.1.4. Resin production processes 
Data on tapping techniques, tapping intervals, tapping locations and resin 
quantities were obtained. 
The total number of trees in the natural stands was 51 trees and in the 
planted one 156 trees. The diameters of the trees in the natural stand ranged 
between 8 - 33 cm and in the planted ones it ranged between 10-33.9 cm.  
Seven resin pickings were made for each tree in each of the two clusters 
(natural and planted).  Each picking was weighed and registered. This was 
done in two periods of time: from December to May 2004 and from 
December to May 2006.  For each season the pickings from each tree were 
summed up to give the tree production. 
4.1.5. Tools used for the inventory and tapping 
The tools used for sampling and field measurements were as the following: 
1- GPS (Global Positioning System). 
2- Spiegel Relescope for tree height measurement. 
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3- Caliper and diameter tape for measuring diameters of trees. 
4- Metric tape (50 m) for distance measurement. 
5- Tally sheets, pencils, rubbers and chalk. 
6- Rope (17.8) used for circle demarcation 
7- Mungaf for tapping 
In addition to the field work an informal interview about the tapping 
techniques, production, costs and labors were made with the tappers and 
resin exporters. 
4. 2.  Data analysis 
For data analysis the available data was entered to the computer through the 
Excel spread sheet. SAS (version 6, 1987) was the statistical analysis 
program used for data analysis. Through this program relations and 
correlations were sought between the different parameters measured.  
Regression methods in SAS program were used.  These methods are widely 
used for fitting and evaluating mathematical models involving several 
variables (Freese, 1964). 
In this study, regression techniques were used for construction of 
productivity equations. 
The most crucial assumption in the fitting of regression equations concerns 
the homogeneity of dependent variable variance. Deviation from this 
assumption renders the test of significance of the estimated parameters 
invalid (Freese, 1964).  
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CHAPTER FIVE  
RESULTS AND DISCUSSION 
5.1. Process of analysis  
The data obtained in the results were classified into classes (diameter 
classes) to facilitate the analysis operation, and to minimize the variations 
within the data.  The classes were determined according to diameters at 
breast height (DBH). Regression techniques were used to find the 
relationship between resin production of single trees and corresponding 
diameter classes.  Using stepwise regression of SAS additional parameters 
were further injected to explore the effect of these parameters.  These 
parameters are tree average height (H) and tree crown (C).  
5.2. Relationship between Resin yield and measurable parameters 
5.2.1. Relationship between Resin yield and tree diameter  
The scatter diagrams (Fig. 5.1, 5.2 and 5.3) are examples for different 
diameter classes. They show that the relationship between resin yield in 
grams and tree diameter at breast height (DBH) in cm. 
The results showed that there was no significant difference in resin yield 
related to diameter at breast height at p≤0.05 in both natural and plantation 
stands.  
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Fig. 5.1: Scatter diagram of resin yield vs. tree diameter in natural stands  
 
Fig. 5.2:  Scatter diagram of resin yield vs. tree diameter in planted stands 
 
 
Fig (5.3): Scatter diagram of resin yield season 2006 vs.tree diameter in 
natural stands  
Diameter (cm) 
Re
si
n 
(y
ie
ld
 (g
) 
Re
si
n 
yi
el
d 
(g
) 
Re
si
n 
yi
el
d 
(g
) 
Diameter (cm)
Diameter (cm) 
36 
 
The statistical analysis in Tables 5.2 and 5.3 shows the results of these 
relationships. 
Table 5.1 natural stand season 2005:- 
Intercept b 
R2 
Value Prob Value Prob
-680.94 0.4 78.49 0.09 0.24
Table 5. 2 natural stand season 2006: 
Intercept b 
R2 
Value Prob Value Prob
1162.74 0.59 86.82 0.03 -0.01
Table 5. 3 plantation stand 
Intercept b 
R2 
Value Prob Value Prob
9059.68 0.1 -136.94 0.52 -0.08
5.2.2. Relationship between Resin yield and tree height 
Scatter diagrams (Fig.5.4, 5.5 and 5.6) show the relationship between resin 
yield (in grams) related to tree height (H) in meters for some trees 
representing the yield of different years. 
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Fig 5.4 Scatter diagram of reisn yield  vs. tree height in natural stands. 
 
Fig 5.5 Reisn yield vs. tree height in natural stands. 
 
Fig (5.6): Resin yield vs. tree height in Plantation stands. 
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The results show that there is significant difference in resin yield of season 
2005 related to tree height at p≤0.05 in the natural stand., and that there is no 
significant difference in resin yield for season 2006 related to tree height at 
p≤0.05, while the difference is significant at the same probability level, as 
height was squared (H2).  Table 5.4 shows the outcome of the statistical 
analysis. 
Tables 5.4 - 5.9 show resin yield (gm) of Boswellia papyrifera in relation to 
average height (H) and H2 respectively.  
Natural stand season 2005: 
 Table 5. 4 Relationship between resin yield and height 
Intercept b 
R2 
Value Prob Value Prob 
-1357.75 0.09 216.25 0.008 0.60
 Table 5.5. Relationship between yield and height squared (H2) 
Intercept b1 
R2 
Value Prob Value Prob 
-69.31 0.84 7.99 0.005 0.65
Natural stand season 2006: 
 Table 5.6. Relationship between resin yield and height 
Intercept b 
R2 
Value Prob Value Prob
767.61 0.07 206.8 0.02 0.03
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Table 5.7. Relationship between yield and height squared (H2) 
Intercept b1 
R2 
Value Prob Value Prob
2080.77 0.1 78.49 0.09 0.24
On the other hand, there is no significant difference between resin yield and 
tree height or tree height squared (H2). Tables (5.5, 5.7and 5.9) show the 
parameters of the equation. 
 Table 5.8. Relationship between resin yield and height 
Intercept b 
R2 
Value Prob Value Prob
-1857.67 0.86 1046.26 0.48 -0.06
Table 5.9. Relationship between yield and height squared (H2) 
Intercept b1 
R2 
Value Prob Value Prob
2615.43 0.65 59.11 0.54 -0.09
The results show that, there is significant difference in resin yield of season 
2005 related to height (H) at probability level (p≤0.05) in natural stands; 
whereas in plantation stands there was no significant difference at the same 
probability level.  This might be attributed to the variation in height of the 
trees.  As (H2) was added in the step-wise regression, the results showed 
decrease in the variation, and the correlation coefficient (R2) was increased 
accordingly (60-65) in natural stands. 
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The same method in natural stand was applied in plantation stands; the 
results show that there was no effect, neither on significance nor correlation 
coefficient (R2). 
5.2.3. Relationship between Resin yield and tree crown: 
The scatter diagram (Fig. 5.7) shows the relationship between resin yield in 
grams and tree crown. The results show that there was significant difference 
in resin yield season 2005 related to crown at p≤0.05.  
The scatter diagrams (Fig. 5.8 and 5.9 ) show that there is no significant 
difference in resin yield season 2006 related to tree height at p≤0.05 in both 
the natural stand and plantation stands.  
 
Fig 5.7. Resin yield (season 2005) vs. tree crown in natural stands. 
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Fig 5.8. Resin yield (season 2006) vs. tree crown in natural stands 
 
Fig. 5.9. Resin yield (season 2006) vs. tree crown in plantation stands 
The results show that the resin yield, of Boswellia papyrifera, in relation to 
crown, was significant (p≤0.05) in natural stands. In plantation stands, the 
results show that there was no significant difference (p≤0.05), due to the 
variation in trees crowns. In step wise analysis, crown square parameter was 
inserted; the results showed that in natural stands the variation in the crowns 
decreased, thus correlation coefficient (R2) was (62-67) was increased. The 
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same method was used in plantation stands; the results showed that there 
was no clear effect on correlation coefficient. 
Table 5.10 - 5.15 show resin yield (gm) of Boswellia papyrifera in relation 
to crown and crown square  in meters. 
Natural stands (season 2005): 
Table 5.10. Resin yield (gm) in relation to crown (m) 
Intercept b 
R2 
Value Prob Value Prob 
-1243.36 0.09 421.88 0.007 0.62
Table 5.11 Resin yield (gm) in relation to crown (m) squared 
Intercept b1 
R2 
Value Prob Value Prob 
-29.50 0.92 31.88 0.004 0.67
Natural stands season 2006 : 
Table 5.12. Resin yield (gm) in relation to crown (m) 
Intercept b 
R2 
Value Prob Value Prob
861.25 0.6 406.54 0.27 0.4
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Table 5.13 Resin yield (gm) in relation to crown (m) squared 
Intercept b1 
R2 
Value Prob Value Prob
2117.6 0.09 28.05 0.3 0.02
Planted stands season 2006: 
Table 5.14 Resin yield (gm) of Boswellia papyrifera vs. crown 
Intercept b 
R2 
Value Prob Value Prob
3157.16 0.74 561.37 0.76 -0.14
Table 5.15 Resin yield (gm) vs. crown (m) squared 
Intercept b1 
R2 
Value Prob Value Prob
5059.37 0.34 36.38 0.84 -0.15
The results show that the resin yield, of Boswellia papyrifera, in relation to 
crown, there was significant difference (p≤0.05) in natural stands in season 
2005. In plantation stands and natural stand the results shown that there was 
no significant difference (p≤0.05) in season 2006, due to the large variation 
tree crowns. In step wise analysis crown square parameter was inserted, the 
results show that in natural stands, correlation coefficient (R2) increased (62-
67). The same procedure was used in plantation stands; the results show that 
there was no clear effect on correlation coefficient. In the step wise 
regression squared tree diameter multiplied by height (D2×H) was inserted in 
the program, the results of natural stands in season 2006 showed that there 
44 
 
was no significant difference  (p≤0.05) in resin yield. In plantation stands 
there was also no significant change.  
5.2.4. Resin yield in Jebel Garrie area 
The calculated average resin production per tree in Jebe Elgarrie area is 
about 0.6 Kg/tree/year, while Ishraga (2004) calculated the yield in Nuba 
mountain area as 0.655 kilogram/tree/year, and may reach about one 
kilogram/tree/year for the local people who continue picking of resin up to 
the end of the season. Khamis (2001) reported 2.8 kilograms/tree/year in 
Jebel Marra. However, the average yearly yield in Somaliland is reported to 
be 2-3 kilograms/tree/year.  While on the other hand resin yield from a 
single tree in Ethiopia is estimated to range between 0.5 and 1.0 
kilograms/tree/year (FAO, 2002). 
5.2.5. Relationship between resin yield and collection number 
5.2.5.1. Natural Stand 
Figure 5.10 shows that the first resin collections in the smallest diameter 
class (9-12.9 cm) are higher than the late ones, where resin yield decreased 
sharply.  
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Figure 5.10. Relationship between resin yield and collection number (d-class 
9-12.9) 
Figure 5.11 shows that the first resin collections in a medium diameter class 
(21-24.9cm) are lower than the intermediate collections. The late collections 
are, however, irregular in resin yield.  
 
 
Fig. 5.11. Relationship between resin yield and collection number (d- class 
21-24.9cm). 
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In the largest diameter class (41-44.9 cm ) the  resin yield increased from 
first  collection to the third  after that the resin yield decreased. In last 
collection the resin increase was insignificant (fig.5.12).  
 
Figure 5.12. Relationship between resin yield and collection number (d-class 
41-44.9 cm). 
The pooled data of the natural stands show that the resin yield increases 
from the first collection to the third one, then it continues with unchangeable 
trend up to the 6th. collection then it decreases again(Fig. 5.13). 
 
Figure 5.13.  Relationship between resin yield and collection number (All 
diameter classes). 
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5.2.5.2. Plantation stand 
Figure (5.14) shows that the amount of resin increases from one collection to 
another in the diameter class (11-14.9cm).  
 
Figure 5.14.  Relationship between resin yield and collection number  
(d-class 11-14.9). 
Figure (5.15) shows that the amount of resin decreases from one collection 
to another in the diameter class (31-34.9cm).  
 
Figure 5.15.  Relationship between resin yield and collection number  
(d-class 31-34.9) 
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Figure 5.16 shows, that there is only slight change in resin yield related to 
collection number in the pooled data collected from natural stands.  However 
there is an obvious drop in yield after the 5th.collection. 
 
 
 
 
Figure 5.16.  Relationship between resin yield and collection number 
(pooled data). 
From all the figures above it is obvious that the intermediate pickings (third 
and fourth) are higher than the first and last pickings.  This might be 
attributed to the climatic conditions.  This coincides with the findings of 
Ishraga (2004) and Abuelgasim (2005). 
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CHAPTER VI 
CONCLUSIONS AND RECOMMENDATIONS 
6.1. Conclusions  
This study focused on the relation between resin yield and tree measurable 
parameters (diameter, height and crown) for Boswellia papyrifera trees in 
Jebel Elgerrie, south east El rosaries, in the Blue Nile State in natural and 
plantation stands. From the results as well as the observations recorded 
during the study period the following conclusions could be reached:  
In general there is weak relationship between the measurable tree parameters 
and resin yield.  The strongest relationship in natural stand was found 
between resin yield and the height multiplied by crown width. The weak 
relationship could be attributed to the different types of interruptions taking 
place in the Boswellia natural stands.  These interruptions include different 
human activities and impacts, illicit cutting of trees, incorrect tapping 
methods, heavy grazing and wild fires.  Other factors affecting the resin 
yield are climatic (climate changes, health and physiology of tress, etc.). It 
was observed that Boswellia trees are tapped annually.  This is very 
damaging to the trees.  An average lapse of 5-10 years is considered 
necessary for the trees to retain their strength and capability for production. 
From the study it was observed that there was no natural regeneration in the 
Boswellia forest stands.  This might be attributed to seed infestation by 
insects, some seed locules are empty and part of the present seeds are sterile, 
hence the viable seeds are very small in number.  Boswellia seeds are 
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winged and light in weight.  This makes their dispersal by wind easy. The 
fact that there is low stocking of Boswellia in the study area without 
presence of natural regeneration threatens the sustainability of resin 
production in the study area.  
However, the results obtained from this study can help to make predictions 
about future resin yields based on easily measurable tree parameters.   
It is finally concluded that Boswellia papyrifera is economically feasible as 
it guarantees some income to the local communities and ecologically 
important as it plays a positive role in minimizing soil erosion.  
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6.2. Recommendations  
• It is recommended to raise the awareness of local communities about 
the best methods of Boswellia tapping and how to protect this 
valuable tree species. 
• It is recommended to carry out research projects related seed 
collection, extraction, storage and the best methods for regenerating 
Boswellia papyrifera.   
• It is recommended to exert more effort towards the rehabilitation and 
best management of Bosweliia papyrifera stands in Blue Nile state.  
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